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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce a circulating 
current at light loading and no loading and thus the 
reduce conduction loss, to enhance efficiency, and 
reducing in size and weight of a switching power supply. 
SOLUTION: In the switching power supply energy is 
stored in a primary winding T1 of a transformer T during 
the on-time of a first switching element Q1 , and the 
energy is radiated from a secondary winding T2 of the 
transformer T during the off-time of the first switching 
element Q1 . A control terminal of the first switching 
element Q1 is connected to an off-time extending circuit 
15 to form a first control circuit 11. Thus, after the energy 
is radiated from the secondary winding T2, a transistor 
Tr3 is still kept in on a state for a specified period of time 
to extend the off-time of the first switching element Q1 by a specified period of time. Further, 
the on-time of a second switching element Q2 in made longer than the time for which the 
energy is radiated from the secondary winding T2 by turning on a phototransistor PC3 in a 
second control circuit 12 at light loading. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s) ] 

[Claim 1] Transformer T, the 1st switching circuit, and input power 
which have a primary coil and a secondary coil are connected to a serial. 
The 2nd switching circuit and the series circuit of Capacitor C are 
connected to the end of said 1st switching circuit. The rectification 
smoothing circuit containing a rectifying device Ds is connected to the 
secondary coil of T of said transformer. Said 1st switching circuit is 
constituted from a parallel connection circuit of the 1st switching 
element Ql, the 1st diode Dl, and the 1st capacitor CI. Said 2nd 
switching circuit is constituted from a parallel connection circuit of 
the 2nd switching element Q2, the 2nd diode D2, and the 2nd capacitor C2. 
It has the switching control circuit which sandwiches the period when 
both switching elements of both turn off said 1st and 2nd switching 
element Ql and Q2, and is turned on / turned off by turns. In the 
switching power supply equipment which stores energy in the primary coil 
of said transformer T at the "on* period of said 1st switching element, 
and emits energy to the "off" period of said 1st switching element from 
the secondary coil of this transformer Said switching control circuit is 
switching power supply equipment characterized by having a "off* period 
extension means for predetermined to carry out time amount continuation 
of the "off" period of said 1st switching element Ql, and to reduce a 
switching frequency even after emitting energy from said secondary coil. 
[Claim 2] Said switching control circuit is switching power supply 
equipment according to claim 1 characterized by having the means which 
makes ON time amount of said 2nd switching element Q2 shorter than the 
time amount which emits energy from said secondary coil. 
[Claim 3] Said "off" period extension means is switching power supply 
equipment according to claim 1 or 2 which connects a transistor to the 
control terminal of said 1st switching element Ql at a serial, continues 
turning off this transistor even after emitting energy from a secondary 



coil, and is characterized by constituting the "off" period of said 1st 
switching element Ql so that predetermined may carry out time amount 
extension. 

[Claim 4] Said "off" period extension means is switching power supply 
equipment according to claim 1 or 2 which connects a transistor to the 
control terminal of said 1st switching element Ql at juxtaposition, 
continues turning on this transistor even after emitting energy from a 
secondary coil, and is characterized by constituting the "off" period of 
said 1st switching element Ql so that predetermined may carry out time 
amount extension. 

[Claim 5] Said switching control circuit is switching power supply 
equipment according to claim 1 to 4 which is equipped with the time 
constant circuit which consists of a capacitor connected to the control 
terminal of the transistor connected to the control terminal of said 1st 
switching element Ql, and this transistor, and an impedance circuit, and 
is characterized by controlling output voltage by controlling the ON 
time amount of said 1st switching element Ql. 

[Claim 6] Said switching control circuit is switching power supply 
equipment according to claim 1 to 5 characterized by controlling the 
discharge current of the capacitor C by which series connection was 
carried out to the 2nd switching circuit by having the time constant 
circuit which consists of a capacitor connected to the control terminal 
of the transistor connected to the control terminal of said 2nd 
switching element Q2, and this transistor, and an impedance circuit, and 
controlling the ON time amount of said 2nd switching element Q2. 
[Claim 7] Said "off" period extension means is switching power supply 
equipment according to claim 1 to 6 which is operated with a signal at 
the time of a light load, and is characterized by constituting at the 
time of a rated load so that actuation may be stopped at the time of 
heavy loading. 

[Claim 8] Switching power supply equipment according to claim 1 to 7 
characterized by constituting said the 1st switching element Ql and said 
2nd switching element Q2 from a field-effect transistor. 
[Claim 9] Switching power supply equipment according to claim 1 to 8 
with which said transformer T is characterized by having and carrying 
out self-oscillation of the 1st and 2nd drive windings which generate 
the electrical potential difference to which the turn-on of the 1st and 
2nd switching elements Ql and Q2 is carried out. 

[Claim 10] Switching power supply equipment according to claim 1 to 9 
characterized by constituting a resonance circuit from a capacitor C by 
which was equipped with the inductor by which said transformer was 



connected to the leakage inductor which it has in a primary coil and a 
secondary coil, or said transformer at the serial, and series connection 
was carried out to this inductor and said 2nd switching circuit. 
[Claim 11] Switching power supply equipment according to claim 1 to 9 
which constitutes said rectification smoothing circuit from diode, and 
is characterized by connecting a capacitive impedance to this diode at 
juxtaposition. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to switching power 
supply equipment and the switching power supply equipment which can 
attain eff icient-izing and high performance-ization especially at the 
time of a light load. 
[0002] 

[Description of the Prior Art] There is switching power supply equipment 
shown in Japanese Patent Application No. No. 352696 [ nine to ] or 
Japanese Patent Application No. No. 308490 [ ten to ] among the 
switching power supply equipment used as the advanced technology of this 
invention. 

[0003] Drawing 1 shows the block diagram of the switching power supply 
equipment proposed by Japanese Patent Application No. No. (JP, 11- 
187664, A) 352696 [ nine to ]. 

[0004] Transformer T and the 1st switching circuit SI where this 
switching power supply equipment has the primary coil Tl and the 
secondary coil T2, and input power E are connected to a serial, and the 
2nd switching circuit S2 and the series circuit of Capacitor C are 



connected to the primary coil Tl of Transformer T at juxtaposition. 
Moreover, the rectification smoothing circuit containing a rectifying 
device Ds is connected to the secondary coil T2 of Transformer T, and 
Capacitor Cs is connected to the rectifying device Ds at juxtaposition. 
Furthermore, 1st drive winding T3 and 2nd drive winding T four are 
prepared in Transformer T, 1st drive winding T3 is connected to the 1st 
control circuit 11, and 2nd drive winding T four is connected to the 2nd 
control circuit 12. These 1st and 2nd control circuits 11 and 12 that 
constitute a switching control circuit carry out ON / off control of the 
1st and 2nd switching device Ql and Q2, respectively. 
[0005] Moreover, the 1st switching circuit SI consists of parallel 
connection circuits of the 1st switching element Ql, the 1st diode Dl, 
and the 1st capacitor CI, and the 2nd switching circuit S2 consists of 
parallel connection circuits of the 2nd switching element Q2, the 2nd 
diode D2, and the 2nd capacitor C2. In addition, L is the leakage 
inductor or the inductor connected independently of the primary coil Tl. 
[0006] In the above configuration, the 1st and 2nd control circuit 11 
and 12 which constitutes a switching control circuit Control which 
sandwiches the period when both switching circuits of both turn off the 
1st switching circuit SI and 2nd switching circuit S2, and is turned on 
/ turned off by turns is performed. Energy is stored in the primary coil 
Tl of Transformer T at the "on" period of the 1st switching circuit, and 
energy is emitted to the "off" period of the 1st switching circuit SI 
from the secondary coil T2 of this transformer T. This actuation is made 
into one period, by repeating this, energy is taken out from the 
secondary coil T2, and power is supplied to a load. In addition, the 1st 
and 2nd control circuit 11 and 12 includes the time constant circuit 
connected to the control terminal of the transistor connected to the 
control terminal of switching elements Ql and Q2, respectively, and this 
transistor, and is controlling the turn-on timing and turn-off timing of 
switching elements Ql and Q2 by this circuit. 

[0007] Drawing 2 is the wave form chart of the above-mentioned switching 
power supply equipment of operation. In this drawing, Ql and Q2 show ON 
/ off timing of switching elements Ql and Q2, Vdsl and Idl show the 
both-ends electrical potential difference of a switching element Ql, and 
a current, and Vds2 and Id2 show the both-ends electrical potential 
difference of a switching element Q2, and a current. Moreover, Vs and Is 
show the both-ends electrical potential difference of a rectifying 
device Ds, and the secondary coil current. 

[0008] With the above-mentioned configuration, if the 1st switching 
element Ql carries out a turn-off, an electrical potential difference 



will occur in drive winding T four of the 2nd switching element Q2, and 
the turn-off of this 2nd switching element Q2 will be carried out by the 
2nd switching element' s Q' s2 carrying out a turn-on, and turning on the 
transistor in the 2nd control circuit 12 in the predetermined period 
defined after that in the time constant circuit. At this time, to the 
timing from which it is the timing from which this rectifying device Ds 
was un-flowing if the rectifying device Ds of a secondary is switch-on, 
and it is the timing of the turn-off of the 2nd switching element Q2 if 
it is non-switch-on, namely, the 2nd switching element Q2 and rectifying 
device Ds were [ both ] un-flowing, an electrical potential difference 
occurs in drive winding T3 of the 1st switching element Ql, and the 1st 
switching element Ql carries out a turn-on with this electrical 
potential difference. Such actuation turns on/controls [ off ] by turns 
on both sides of the period when the 1st switching element Ql and 2nd 
switching element Q2 become [ both ] off, and the 1st switching element 
Ql outputs the energy with which the 1st switching element Ql was stored 
in the primary coil Tl of Transformer T in the period of ON as 
electrical energy from the secondary coil T2 in the period of OFF. 
[0009] And in the switching power supply equipment constituted in this 
way, by performing zero electrical-potential-difference switching 
operation which the 1st and 2nd switching elements Ql and Q2 turn on 
after the applied voltage of the both ends of a switching element serves 
as zero, switching loss and a switching surge can be reduced and 
eff icient-izing and high performance-ization can be attained. 
[0010] 

[Problem (s) to be Solved by the Invention] However, in above switching 
power supply equipment, when a load is light, a part of energy currently 
stored in the primary coil Tl of Transformer T by the "on" period of the 
1st switching element Ql will be regenerated to an input side. In 
drawing 3 , the current of the field shown by A is a regeneration 
current. This regeneration current turns into the circulating current 
which does not participate in an output. This circulating current will 
become so large (that a load is light) so that output power is small, if 
ON time amount of a switching device Q2 is fixed. When the circulating 
current was large, it became large to extent which cannot disregard the 
flow loss generated to the 1st and 2nd switching elements Ql and Q2 and 
Transformer T, consequently had the trouble that effectiveness fell at 
the time of a light load. 

[0011] Then, ON time amount of the 2nd switching element Q2 is shortened 
at the time of a light load, and he reduces the above-mentioned 
circulating current, and is trying to improve effectiveness with the 



switching power supply equipment of Japanese Patent Application No. No. 
308490 [ ten to ]. However, since a switching frequency would rise if 
the circulating current is reduced, a result to which switching loss 
including loss of the drive circuit of a switching element increases was 
brought, and there was un-arranging [ that an improvement effect was 
small as a whole ]. 

[0012] That is, although switching loss was small since the switching 
frequency was low when the circulating current was large, when the flow 
loss by the circulating current increased and the circulating current 
was made small, flow loss was reduced, but since a switching frequency 
became high, there was a problem that switching loss will increase. 
[0013] The purpose of this invention is shown in reducing the 
circulating current, reducing flow loss, reducing switching loss and a 
switching surge further, and attaining eff icient-izing and the formation 
of small lightweight of switching power supply at the time of no-load, 
at the time of a light load. 
[0014] 

[Means for Solving the Problem] This invention is constituted as follows, 
in order to solve the above-mentioned technical problem, (l) Transformer 
T, the 1st switching circuit, and input power which have a primary coil 
and a secondary coil are connected to a serial. The 2nd switching 
circuit and the series circuit of Capacitor C are connected to the end 
of said 1st switching circuit. The rectification smoothing circuit 
containing a rectifying device Ds is connected to the secondary coil of 
T of said transformer. Said 1st switching circuit is constituted from a 
parallel connection circuit of the 1st switching element Ql, the 1st 
diode Dl, and the 1st capacitor CI. Said 2nd switching circuit is 
constituted from a parallel connection circuit of the 2nd switching 
element Q2, the 2nd diode D2, and the 2nd capacitor C2. It has the 
switching control circuit which sandwiches the period when both 
switching elements of both turn off said 1st and 2nd switching element 
Ql and Q2, and is turned on / turned off by turns. In the switching 
power supply equipment which stores energy in the primary coil of said 
transformer T at the "on" period of said 1st switching element, and 
emits energy to the "off" period of said 1st switching element from the 
secondary coil of this transformer Even after said switching control 
circuit emits energy from said secondary coil, it is characterized by 
having a "off" period extension means by which predetermined carries out 
time amount continuation of the "off" period of said 1st switching 
element Ql. 

[0015] The timing from which the rectifying device Ds of a rectification 



smoothing circuit will be un-flowing with the conventional technique if 
energy is emitted from a secondary coil, To or the timing from which the 
2nd timing Q2, i.e., 2nd switching element, and rectifying device Ds of 
a turn-off of a switching element Q2 were [ both ] un-flowing Although 
an electrical potential difference occurs in the drive winding of the 
1st switching element Ql and the 1st switching element carries out a 
turn-on through the 1st control circuit after this In this invention, a 
"off" period extension means by which predetermined carries out time 
amount continuation of the "off" period of this 1st switching element Ql 
further is formed in the 1st control circuit. By this, the turn-on of 
the 1st switching element Ql can be delayed, a switching frequency can 
be reduced, and switching loss can be reduced. In addition, since an 
electrical-potential-difference clamping circuit is constituted, in the 
both ends of the 1st and 2nd switching element Ql and Q2, an electrical- 
potential-difference surge does not generate the series circuit of the 
2nd switching element Q2 and Capacitor C. For this reason, the switching 
element of low pressure-proofing can be used. Generally, since the 
resistance at the time of a flow is small and the switching element of 
low pressure-proofing has it, formation of low loss efficient and low 
cost-ization can be attained by using the switching element of low 
pressure-proofing. [ cheap ] 

[0016] (2) Said switching control circuit is characterized by having the 
means which makes ON time amount of said 2nd switching element Q2 
shorter than the time amount which emits energy from said secondary coil. 
[0017] In this invention, by establishing the means which makes ON time 
amount of the 2nd switching element Q2 shorter than the time amount 
which emits energy from a secondary coil, i. e. , the means which makes a 
regeneration current small, the charging time value from the capacitor C 
by which series connection was carried out to the 2nd switching circuit 
at the time of a light load and no-load can become short, the 
circulating current can decrease by this, and the flow loss accompanying 
the circulating current can be reduced. 

[0018] (3) Said "off" period extension means connects a transistor to 
the control terminal of said 1st switching element Ql at a serial, even 
after it emits energy from a secondary coil, it continues turning off 
this transistor, and it is characterized by constituting the "off" 
period of said 1st switching element Ql so that predetermined may carry 
out time amount extension. 

[0019] For example, a means to detect the gravity of a load to the 
secondary coil of Transformer T is established, and when a light load is 
detected by this, even after energy is emitted from a secondary coil, it 



controls by this invention so that said transistor continues turning off. 
Thus, since the transistor is good as a switching device for driving a 
switching element at one when constituted, components mark can attain 
formation of small lightweight of a power unit, and low cost-ization few. 
[0020] (4) Said "off" period extension means connects a transistor to 
the control terminal of said 1st switching element Ql at juxtaposition, 
even after it emits energy from a secondary coil, it continues turning 
on this transistor, and it is characterized by constituting the "off" 
period of said 1st switching element Ql so that predetermined may carry 
out time amount extension. 

[0021] Although the above (3) connects a transistor to the control 
terminal of the 1st switching element Ql at a serial, in this invention, 
this transistor is connected to the control terminal of the 1st 
switching element Ql at juxtaposition. Thus, the same purpose can be 
attained even if constituted. 

[0022] (5) Said switching control circuit is equipped with the time 
constant circuit which consists of a capacitor connected to the control 
terminal of the transistor connected to the control terminal of said 1st 
switching element Ql, and this transistor, and an impedance circuit, and 
is characterized by controlling output voltage by controlling the ON 
time amount of said 1st switching element Ql. 

[0023] Although a time constant circuit is for carrying out the turn-off 
of the 1st switching element Ql quickly by turning on a transistor at 
the time of predetermined time progress after the electrical potential 
difference of a drive winding starts, it can control output voltage 
easily by adjusting the time constant of this time constant circuit. 
Thereby, formation of small lightweight and low cost-ization can be 
attained. 

(6) Said switching control circuit is equipped with the time constant 
circuit which consists of a capacitor connected to the control terminal 
of the transistor connected to the control terminal of said 2nd 
switching element Q2, and this transistor, and an impedance circuit, and 
is characterized by controlling the discharge current of the capacitor C 
by which series connection was carried out to the 2nd switching circuit 
by controlling the ON time amount of said 2nd switching element Q2. 
[0024] Also in the above-mentioned configuration, by adjusting the time 
constant of the time constant circuit connected to the transistor 
connected to the control terminal of the 2nd switching element Q2 like 
(5), the discharge current of Capacitor C can be controlled easily and 
formation of small lightweight and low cost-ization can be attained. 

(7) Said "off" period extension means is operated with a signal at the 



time of a light load, and is characterized by constituting so that 
actuation may be stopped at the time of heavy loading at the time of a 
rated load. 

[0025] The "off" period extension means of the above (1) is operated by 
the detecting signal at the time of a light load, at the time of a rated 
load and heavy loading, it is making it not make it operate, and the 
optimal actuation of it according to a load is attained. Thereby, the 
efficient actuation of no-load and a light load to the time of heavy 
loading is attained. 

[0026] (8) It is characterized by constituting said the 1st switching 
element Ql and said 2nd switching element Q2 from a field-effect 
transistor. 

[0027] By constituting the 1st and 2nd switching element Ql and Q2 from 
a field-effect transistor, the parasitic capacitance which a field- 
effect transistor has can be used as the 1st capacitor CI and the 2nd 
capacitor C2, and the parasitism diode which a field-effect transistor 
has can be used as the 1st diode Dl and the 2nd diode D2. If it does in 
this way, since it becomes unnecessary to prepare diode and a capacitor 
separately, formation of small lightweight of a power unit and low cost- 
ization can be attained as components. 

[0028] (9) Said transformer T is characterized by having and carrying 
out self-oscillation of the 1st and 2nd drive windings which generate 
the electrical potential difference to which the turn-on of the 1st and 
2nd switching elements Ql and Q2 is carried out. 
[0029] By preparing and carrying out self-oscillation of the drive 
winding to a transformer T2, ICs, such as an oscillator circuit and a 
control circuit, are not needed, but formation of small lightweight of a 
power unit and low cost~ization can be attained. 

[0030] (10) It has the inductor by which said transformer was connected 
to the leakage inductor which it has in a primary coil and a secondary 
coil, or said transformer at the serial, and is characterized by 
constituting a resonance circuit from a capacitor C by which series 
connection was carried out to this inductor and said 2nd switching 
circuit. 

[0031] By constituting a resonance circuit and carrying out resonance 
actuation by this with the leakage inductor which Transformer T has or 
the inductor connected separately, and Capacitor C, it can output 
without considering energy stored in the leakage inductor as loss, and 
eff icient-ization can be attained. Moreover, zero current turn-off 
actuation of the 2nd switching element Q2 is attained, and switching 
loss can be reduced. 



[0032] (11) Said rectification smoothing circuit is constituted from 
diode, and it is characterized by connecting a capacitive impedance to 
this diode at juxtaposition. 

[0033] By connecting a capacitive impedance to a rectifying device at 
juxtaposition, the reverse recovery loss of a rectifying device can be 
reduced and eff icient-ization can be attained. Moreover, the energy 
transmitted to the secondary coil can be supplied to a load through this 
capacitive impedance, without passing along a rectifying device, and 
rectification loss can be reduced. Furthermore, the capacity of the 1st 
capacitor CI which constitutes the 1st switching circuit or 2nd 
switching circuit, or the 2nd capacitor C2 can be reduced. 
[0034] 

[Embodiment of the Invention] Drawing 4 is the circuit diagram of the 
switching power supply equipment which is the operation gestalt of this 
invention. 

[0035] Transformer T is equipped with the primary coil T 1 or secondary 
coil T2, 1st drive winding T3, and 2nd drive winding T four. The input 
power E of Vin is connected to a serial for the primary coil Tl, the 1st 
switching circuit SI, and input voltage of this transformer T, and 
parallel connection of the 2nd switching circuit S2 and the series 
circuit with Capacitor C is carried out to the series circuit of the 
leakage inductor L and the primary coil TL 

[0036] The rectification smoothing circuit containing a rectifying 
device Ds and the capacitor Co for smooth is connected to the secondary 
coil T2 of Transformer T. 

[0037] The detector 14 connected to the output side of said 
rectification smoothing circuit detects output voltage. It connects with 
a shunt regulator ZD at a serial, and a photodiode PC 1 controls the 
current which flows to a photodiode PC 1 so that the input voltage 
(electrical potential difference which pressured output voltage Vo 
partially) of a shunt regulator's ZD reference voltage terminal Vr may 
become fixed. The photo transistor PC 1 which carries out optical 
coupling to a photodiode PC 1 is connected to the 1st control circuit 11 
like the after-mentioned. The detector 14 includes the series circuit of 
a transistor Tr4 and photodiodes PC2 and PC3 further. When an external 
signal inputs into the control terminal PI of a transistor Tr4 at the 
time of a light load and this external signal inputs, this transistor 
Tr4 turns on. The photo transistor PC 2 which carries out optical 
coupling to a photodiode PC 2 is connected to the "off" period extension 
circuit 15 which is the "off" period extension means included like the 
after-mentioned in the 1st control circuit 11. Moreover, the photo 



transistor PC 3 which carries out optical coupling to a photodiode PC 3 
is connected to the 2nd control circuit 12 like the after-mentioned. 
[0038] Said 1st switching circuit SI consists of parallel connection 
circuits of the 1st switching element Ql, the 1st diode Dl, and the 1st 
capacitor CI, and the 1st switching element Ql is constituted from this 
operation gestalt by FET (field-effect transistor) (the 1st switching 
element Ql is hereafter called FET Ql). Moreover, the 2nd switching 
circuit S2 consists of parallel connection circuits of the 2nd switching 
element Q2, the 2nd diode D2, and the 2nd capacitor C2, and the 2nd 
switching element Q2 is constituted from this operation gestalt by FET 
(field-effect transistor) (this 2nd switching element Q2 is hereafter 
called FET Q2) . 

[0039] Drive winding T3 and FET of Transformer T Between Ql, the 1st 
control circuit 11 included in a switching control circuit is connected. 
This 1st control circuit 11 is equipped with the time constant circuit 
which consists of a transistor Trl, the resistance R4 connected to this 
control terminal (base), resistance R3 and a photo transistor PC 1, and 
a capacitor C2, and the delay circuit which consists of a capacitor CI 
and a series circuit of resistance R2, and the above-mentioned photo 
transistor PC 1 is further connected to the control terminal of a 
transistor Trl. Therefore, when an electrical potential difference 
occurs in 1st drive winding T3, predetermined carries out time delay to 
a capacitor CI in the delay circuit of resistance R2, and it is FET. Ql 
carries out a turn-on, if it goes through the time amount decided in the 
time constant circuit which consists of an impedance further decided by 
resistance R3 and the photo transistor PC 1 from the time, and a 
capacitor C2, a transistor Trl turns on, and thereby, the 1st switching 
element Ql carries out a turn-off quickly. The time amount which turns 
on a transistor Trl here if the output voltage of the secondary coil T2 
rises is brought forward, and it is FET. ON time amount of Ql is 
shortened, it operates so that an output may be reduced, and output 
voltage is stabilized. 

[0040] The 2nd drive winding T four and FET of said transformer T The 
delay circuit which the 2nd control circuit 12 connected among Q2 is 
included in the switching control circuit, and consists of resistance R5 
and a capacitor C3, FET The transistor Tr2 connected to the control 
terminal of Q2, It consists of photo transistors PC 3 connected to the 
time constant circuit which is connected to the control terminal of this 
transistor Tr2, and which consists of resistance R6 and a capacitor C4, 
and the control terminal of a transistor Tr2. Therefore, when the 
electrical potential difference of drive winding T four occurs, the 



delay circuit of resistance R5 and a capacitor C3 is minded, and an 
electrical potential difference is FET. It is impressed by the control 
terminal of Q2, and is this FET. It is this FET when Q2 carries out a 
turn-on, and a transistor Tr2 turns on, if the time amount decided in 
the time constant circuit which consists of that time to resistance R6 
and a capacitor C4 further passes. Q2 carries out a turn-off quickly. 
[0041] As mentioned above, it sets to the 1st and 2nd control circuit 11 
and 12 which constitutes a switching control circuit, and is FET, 
respectively. The turn-on timing and turn-off timing of Ql and Q2 can be 
decided to be arbitration by the delay circuit and the time constant 
circuit, and stabilization of output voltage is attained by actuation of 
a photo transistor PC 1. In addition, FET The resistance Rl connected 
with the control terminal of Ql between input power E is a starting 
resistance. 

[0042] With this switching power supply equipment, the "off" period 
extension circuit 15 is further established in the 1st control circuit 
11 of the above which constitutes a switching control circuit, and the 
photo transistor PC 3 is connected to the 2nd control circuit 12 of the 
above. Hereafter, these configurations are explained. 
[0043] The "off" period extension circuit 15 is FET. It consists of a 
transistor Tr3 connected to juxtaposition at the control terminal of Ql, 
the resistance R7-R10 and the photo transistor PC 2 which are connected 
to the control terminal of this transistor Tr3, and a capacitor C5. In a 
capacitor C5, it is FET. A charge is stored at the "off" period of Ql, 
and, thereby, a transistor Tr3 continues turning on after the energy 
release in a secondary. When a transistor Tr3 continues turning on, it 
is FET even if an electrical potential difference occurs in drive 
winding T3. The turn-on of Ql is not carried out. When the charge 
currently stored in the capacitor C5 discharges and a transistor Tr3 
turns off, for the first time, the electrical potential difference of 
drive winding T3 minds the 1st control circuit 11 of the above, and it 
is FET. It is impressed by the control terminal of Ql, or a starting 
resistance Rl is minded, and it is FET. An electrical potential 
difference is impressed to the control terminal of Ql, and it is this 
FET. Ql carries out a turn-on. Thus, FET When the turn-on of Ql is 
overdue, a switching frequency can fall and switching loss can be 
reduced. In addition, a photo transistor PC 2 confirms actuation of a 
transistor Tr3, when this turns on. Therefore, when an external signal 
inputs into the control terminal PI of the transistor Tr4 of a detector 
14, it is FET by the "off" period extension circuit 15. It is controlled 
so that the turn-on of Ql is overdue. That is, when an external signal 



inputs into the control terminal PI at the time of a light load, it is 
FET by actuation of the "off" period extension circuit 15. The turn-on 
of Ql will be delayed and a switching frequency will fall. 
[0044] Moreover, PC3 prepared in the transistor Tr2 of the 2nd control 
circuit 12 brings forward the ON time amount of a transistor Tr2, when 
this turns on. Namely, FET ON time amount of Q2 is shortened. FET If the 
ON time amount of Q2 becomes short, the charging time value from 
Capacitor C can become short, the circulating current can decrease, and 
the flow loss accompanying the circulating current can be reduced. In 
addition, FET It can be decided with the magnitude of the resistance RIO 
connected to the photo transistor PC 3, or the impedance of a photo 
transistor PC 3 how much ON time amount of Q2 is shortened. 
[0045] Thus, if an external signal inputs into the control terminal PI 
at the time of a light load, when the "off" period extension circuit 15 
operates and a photo transistor PC 3 turns on, a switching frequency and 
the circulating current decrease, thereby, switching loss and flow loss 
will decrease and the power conversion effectiveness at the time of a 
light load will be improved greatly. 

[0046] Next, actuation of above switching power supply equipment is 
explained. 

[0047] First, actuation in the condition that the external signal is not 
inputted into the control terminal PI of the transistor Tr of a detector 
14 is explained. This condition is in a rated load condition. 
[0048] When a power source is switched on, input voltage Vin is FET by 
the starting resistance Rl. It is impressed by the control terminal of 
Ql, and, thereby, is FET. Ql carries out a turn-on. FET If Ql carries 
out a turn-on, a current will flow to the primary coil Tl of Transformer 
T, and an electrical potential difference will occur in drive winding T3. 
Thereby, it is FET. Ql will be in switch-on and excitation energy is 
stored in the primary coil Tl. Next, when the predetermined time amount 
set up in the time constant circuit which consists of resistance R4, 
resistance R3, and the impedance decided by the photo transistor PC 1 
and a capacitor C2 passes, a transistor Trl turns on and it is FET. Ql 
carries out a turn-off. FET If Ql carries out a turn-off, in a primary 
Transformer T side, Inductor L and Capacitor C will begin resonance. At 
the time of resonance, it is FET. It is FET by the electrical potential 
difference which charged Capacitor C through the 2nd diode D2 in 
parallel with Q2, and was generated in drive winding T four in the 
meantime. Q2 carries out a turn-on. Thus, since Inductor L and Capacitor 
C resonate and an electrical-potential-difference surge is clamped by 
charge of Capacitor C, an electrical-potential-difference surge is not 



generated to the both ends of a switching element QL The charge to 
Capacitor C changes to discharge next. Moreover, FET From the secondary 
coil T2, electrical energy is emitted through a rectifying device Ds by 
the turn-off of Ql. FET It is this FET, when a transistor Tr2 turns on 
if the predetermined time amount set up in the time constant circuit 
which consists of resistance R6 and a capacitor C4 passes after Q2 
carries out a turn-on. Q2 carries out a turn-off. At this time, if the 
rectifying device Ds of the secondary of Transformer T is switch-on, it 
will be the timing from which this was un-flowing and this rectifying 
device Ds will not flow, it will be FET. It is the timing of the turn- 
off of Q2, namely, is FET. An electrical potential difference occurs in 
drive winding T3 to the timing from which both Q2 and the rectifying 
device Ds were un-flowing, and, thereby, it is FET. Ql carries out a 
turn-on. Thus, FETQ1 and FET On both sides of the period when both Q2 
becomes off, it turns on/controls [ off ] by turns, and is FET. About 
the energy with which Ql was stored in the primary coil Tl of 
Transformer T in the period of ON, it is FET. Ql outputs as electrical 
energy from the secondary coil T2 in the period of OFF. 
[0049] In addition, since the external signal has not inputted into the 
control terminal PI of a transistor Tr4 in the state of this rated load, 
the "off" period extension circuit 15 of the 1st control circuit 11 does 
not operate, and turns off the photo transistor PC 3 of the 2nd control 
circuit 12. 

[0050] Next, the actuation at the time of a light load is explained. 
[0051] If it becomes a light load, while the "off" period extension 
circuit 15 will begin to operate in the 1st and 2nd control circuit 11 
and 12 which constitutes a switching control circuit, the photo 
transistor PC 3 of the 2nd control circuit 12 will be in an ON state. 
[0052] In the "off" period extension circuit 15, it is FET. It is FET 
even if a charge is stored in a capacitor C5 at the "off" period of Ql, 
this charge continues turning on a transistor Tr3 even after the energy 
release from the secondary coil T2 finishes, and an electrical potential 
difference occurs in drive winding T3 by this. The turn-on of Ql is 
delayed. When the charge stored in the capacitor C5 discharges and a 
transistor Tr3 turns off, the electrical potential difference of drive 
winding T3 or a starting resistance Rl is minded from this time, and an 
electrical potential difference is FET. It is inputted into the control 
terminal of Ql, and, thereby, is this FET. Ql carries out a turn-on. 
Subsequent actuation is the same as that of the time of rating. Thus, 
when the turn-on of FETQ1 is overdue at the time of a light load, a 
switching frequency falls and switching loss is reduced. 



[0053] Moreover, in the 2nd control circuit 12, when a photo transistor 
PC 3 turns on, the charging time of a capacitor C4 is brought forward. 
This brings forward time amount after an electrical potential difference 
occurs in drive winding T four until a transistor Tr2 turns on, and it 
is FET as a result. ON time amount of Q2 is shortened. FET If the ON 
time amount of Q2 becomes short, the charging time value from Capacitor 
C will become short, the circulating current will decrease, and the flow 
loss accompanying the circulating current will be reduced. Moreover, FET 
At the time of the turn-off of Ql, they are Diodes D2 or FET. Since 
Capacitor C is charged through Q2, Capacitor C and a switching circuit 
S2 constitute a clamping circuit, and an electrical-potential-difference 
surge does not generate them on the both-ends electrical potential 
difference of a switch Ql. 

[0054] Drawing 5 and drawing 6 show the wave form chart for performing 
the comparison of conventional switching power supply equipment and the 
switching power supply equipment of the above-mentioned operation 
gestalt of operation. Drawing 5 (A) is FET when not reducing the 
circulating current with conventional switching power supply equipment. 
The wave form chart at the time of the light load at the time of seting 
ON time amount of Q2 constant is shown. Drawing 5 (B) when the 
circulating current is reduced with conventional switching power supply 
equipment FET The ON time amount of Q2 is changed according to a load, 
the wave form chart at the time of the light load at the time of making 
the circulating current into min is shown, drawing 6 (A) shows the wave 
form chart at the time of the light load of the switching power supply 
equipment of an operation gestalt, and drawing 6 (B) shows the wave form 
chart at the time of a rated load, respectively. In addition, about the 
sign in this wave form chart, it is the same as what was shown in 
drawing 2 R> 2. 

[0055] Although the circulating current increases at the time of a light 
load and the flow loss accompanying this circulating current increases 
with conventional switching power supply equipment so that he can 
understand easily by comparing drawing 5 (A) and drawing 6 (A), with the 
switching power supply equipment of the operation gestalt of this 
invention, there is no circulating current and flow loss is small. 
Moreover, although the switching loss which the switching frequency rose 
and includes drive loss of a switching element increases with 
conventional switching power supply equipment when the circulating 
current is reduced at the time of a light load so that he can understand 
easily by comparing drawing 5 (B) and drawing 6 (A), it is FET by the 
"off" period extension circuit 15 with the switching power supply 



equipment of the operation gestalt of this invention. The "off" period 
of Ql is extended only for time amount Tl. Thereby, it can become longer 
than the period T of conventional switching power supply equipment, a 
switching frequency can fall, and the switching period T in the 
switching power supply equipment of an operation gestalt can reduce 
switching loss. 

[0056] Drawing 7 shows other examples of the "off" period extension 
circuit 15. By the configuration shown in drawing 4 , the transistor Tr3 
of the "off" period extension circuit 15 is FET. By the configuration of 
the example shown in drawing 7 although it connects with juxtaposition 
Ql, a transistor Tr3 is FET. It connects with the control terminal of Ql 
at the serial. Here, a transistor Tr3 is turned on, if Capacitor Cbe 
maintains OFF and reaches a threshold electrical potential difference 
(about 0.6 V) until a threshold electrical potential difference charges, 
and thereby, "off" period extension time amount is set up. In addition, 
since a photo transistor PC 4 needs to operate so that it may turn on at 
the time of OFF and a rated load at the time of a light load, when the 
signal expressed with the control terminal PI of a detector 14 at the 
time of a light load inputs, it is necessary to turn off the photodiode 
(not shown) which carries out optical coupling to this, and it needs to 
make it a connection configuration which is turned on in the signal 
value at the time of rating. The location of a photo transistor PC 4 may 
be which location of drawing 7 (A) and (B) . It is FET in the condition 
of ON of a photo transistor PC 4 in this drawing (A). Although the 
impedance between the gate sources of Ql becomes small and starting 
conditions become severe, in this drawing (B), there is no effect of a 
photo transistor PC 4, and starting conditions are improved. 
[0057] Drawing 8 shows the example of further others. The npn mold 
transistor is used in the example which shows a transistor Tr3 to 
drawing 8 in the example shown in drawing 7 although the pnp type 
transistor was used. Time amount until a photo transistor PC 4 also 
turns off this circuitry at the time of a light load and Capacitor Cbe 
is charged by the threshold electrical potential difference, FET The 
"off" period of Ql is extended. 

[0058] Drawing 9 and drawing 10 show the example of further others. In 
these examples, cascade connection of another transistor is further 
carried out to a transistor Tr3, and certainty of operation is planned. 
It is FET when time amount until Capacitor Cbe reaches the threshold 
electrical potential difference (about 0.6 V) of a transistor Tr4, and a 
transistor Tr3 maintain ON also in these examples. The "off" period of 
Ql is extended. It is FET, when the electrical potential difference of 



Capacitor Cbe reaches a threshold electrical potential difference, a 
transistor Tr4 turns on and a transistor Tr3 turns off. The turn-on of 
Ql becomes possible. In addition, about a photo transistor PC 2, it 
operates like the photo transistor PC 2 shown in drawing 4 . 
[0059] Drawing 11 and drawing 12 are drawings showing the example of 
connection of the principal part by the side of [ Transformer T ] 
primary. Drawing 11 has established the 2nd switching circuit S2 and a 
series circuit with Capacitor C in the location where it connects with 
juxtaposition to a switching circuit SI. Moreover, in drawing 12 , the 
series circuit of the 1st switching circuit SI and the 2nd switching 
circuit S2 is connected to juxtaposition at input power E, and parallel 
connection of the 2nd switching circuit S2 is carried out to the series 
circuit of Capacitor C, the primary coil Tl, and Inductor L. 
[0060] The switching power supply equipment shown in above-mentioned 
drawing 11 and drawing 12 also carries out the same actuation as the 
switching power supply equipment of the above-mentioned operation 
gestalt. 
[0061] 

[Effect of the Invention] According to this invention, a "off" period 
extension circuit is operated at the time of a light load, by this "off" 
period extension circuit, the turn-on of the 1st switching element Ql is 
delayed, and a switching frequency is reduced. Thereby, switching loss 
can be reduced sharply. Moreover, by shortening ON time amount of the 
2nd switching element Q2 at the time of a light load, the charging time 
value from Capacitor C can be shortened, the circulating current can be 
reduced, and, thereby, the flow loss accompanying the circulating 
current can be reduced. Moreover, since an electrical-potential- 
difference clamping circuit is constituted from a switching circuit S2 
and a capacitor C and an electrical-potential-difference surge does not 
occur in the both ends of switching circuits SI and S2 at the time of 
the turn-off of a switching element Ql, the switching element of low 
pressure-proofing can be used. 

[0062] Thus, since switching loss and the flow loss accompanying the 
circulating current can be reduced at the time of a light load and 
generating of an electrical-potential-difference surge can be controlled, 
eff icient-ization of switching power supply equipment can be attained, 
and small lightweight-ization can be realized. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] The block diagram of conventional switching power supply 
equipment 

[Drawing 2] The wave form chart of this switching power supply equipment 
of operation 

[Drawing 3] A wave form chart in case there is the circulating current 
[Drawing 4] The circuit diagram of the switching power supply equipment 
of the operation gestalt of this invention 

[Drawing 5] At the wave form chart at the time of the light load of 
conventional switching power supply equipment, (A) is a wave form chart 
when the circulating current is not reduced and (B) reduces the 
circulating current. 

[Drawing 6] (A) and (B) are a wave form chart in the time of a rated 
load at the time of the light load of the switching power supply 
equipment of the above-mentioned operation gestalt, respectively. 
[Drawing 7] At other examples of a "off" period extension circuit, (A) 
and (B) are an example from which the location of a photo transistor PC 
4 differs, respectively. 

[Drawing 8] The example of further others of a "off" period extension 
circuit 

[Drawing 9] The example of further others of a "off" period extension 
circuit 

[Drawing 10] The example of further others of a "off" period extension 
circuit 

[Drawing 11] Other examples of connection of switching circuits SI and 
S2 

[Drawing 12] The example of connection of further others of switching 
circuits SI and S2 
[Description of Notations] 



The Sl-lst switching circuit 
The S2-2nd switching circuit 
The 11-lst control circuit 
The 12-2nd control circuit 

14- detector 

15- "off" period extension circuit 



[Translation done. ] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing l] 




[Drawing 2] 






[Drawing 5] 





(num. mmmmz 



awing 6] 




[Drawing 7] 





[Drawing 10] 



Q1 




[Drawing 11] 



Via 



ILh 



IL Vdll -r- $ 



• c 



ii 



; idi 



-om — u 



T2 j Co ~. 



1 



mm 



[Drawing 12] 




[Translation done. ] 



09)B*a»«w(jp) <i2)^||f)f$jrFlx$6 (A) (iDftmmm'AM&n 

002-262570 

(P 2002-262570 A) 
(43)&gf]B ¥)*14¥9fll3B (2002. 9. 13) 



(51) Int. CI. 7 ttPieff FI t-73-K (##) 

H 0 2 M 3/28 H 0 2 M 3/28 R 5H730 



*£M$ HMWfcDRll OL (illB) 



(21)tHB#* 


#§12001-362970 (P200 1-362970) 


(71>mKA 


000006231 














(22) m^B 


¥fi£13¥llE28B (2001. 11. 28) 




MiE^g ffljsofj t a 2 m i o^ 








(72) 


n# am 




(31)ffi5fefi;£3I#^ 


1 #112000-40 1 807 (P2000-40 1807) 




jKiwfffi isa^c - t a 2 6# 1 <ra 




<32)iB$fcB 


¥f£12^12E 28B (2000. 12. 28) 








(33) ffiSfe«±®H 


B# ( J P) 




vstt m 










««Jff«W3StmX#=iTB26#10^ 


















(74) ftlA 


100084548 

























(54) T.'f y^>d/*««fll 



(57) [g^] 

h 7>XT© 1 1 l:i^M-^ix.. miff) 

X-f yT>>fm=f-Q l©*7S8K(Ch7>XT©2*:# 

7MIHS«aK 1 5 S&^LTlg 1 W$iJfflI(gIgS 1 1 Zffi 

2^#^T 2*^x^;i/^-Sifctfjbfcm*>, Br 
S<0RHh7>yXi'T r 3 £ ^>Vmnxm 1 CDX-T 

fc. j8ft*mtcSg2©fWiJPlHlg8l 2rt»7^- h h7>y 
X^PC3 5t>1-5Ci:i:J:oTS2«)7.'f7?>i' 




1 

<Z)X-f y^lilKa>-«tc:«ttSn, me b^>xcDTtf> 

n, 

2, S2(0^t-HD2, 43<fctf*2(B*WV>*C 
ttfiJBl. *2©^yf>^QL Q2^X-f 

x-f ^>^«iE3£iafc:*5i>T, 

x^M-^mt^^j; o *>«< T*^R*«*fc 

So 

SHKU I h 7 >y 2 *il^^x^j^-^t 

ffibfc«**7b*», WESgiox-r 7f>^iTQ 

SH8U K h 7 >y 7 ^ S 2 X#8^ ^ x*;W-*» 

lfl!)*7JBIB*WffiOI»IIBK*r*J:5t«*U&C4: 
*#«<t:T3. M«ai*fctt2E«OMyf>^* 

© x -f y > sfm=f- q i © sjffliMH 1 $ nfc h 7 > 



(2) *$&f] 2002-262570 

2 

3, IS^l-4CDtim^(CE«C0X< ^>^«iB 
u > 5 s > It <h -f > fcf— y > X (hIBS^ 6 & £ KfffiftlelB * 

mftem2ox'f y^>^m^Q2<D^>mm^m 

10 -5, B#m~5<Bl>i*ft*>KE«©X^ 7f>^iM 

i - 6 (Dt^n^icism^x-r 7^>^iigi e 

8 ] iWEIfS 1 <Z>X-f yf>jf«TQ 1 
ttEIB 2 <£>X^ y*><fttQ 2 h ^ >f>*X 

*^cE«<z)x-r 7^>^tisto 

20 [«*«9] H9Eh^>XT^Sl*5ck^2<OX-f 
7f>^ifQl, Q2?:^->t>$t§fE^ 

^> ^ i: &&WLt-?z>m?£m i-8 cD^-rn^icESS^x 

im#m 10] fflE h 7 >X^ 1 2 

s«*vr y#>? 9 sfcttWE h ? >xtcit^j{cig^ 

- £ ^^m^T^ w*^ i - 9 o^-rn^^ 
30 iem©x-r y^ytfrnmrns* 

im^m 1 1 1 WESE«E¥»0»*y-f 

[^<o§**fflfci&9H 

[0 0 0 1 ] 

40 [0 0 0 2] 

mmt&WlZ\$* »8¥9-3 5 2 6 9 6#Sfctt»a¥ 
10-30849 O^tC^^nr^^X-f !y?>y«iB 

[0 0 0 3] Bill 9 -3 5 2 6 9 6^ («rBB 

¥ 1 1 - 1 8 7 6 6 4^1>ffi) T'I^$nxi^7< *y 

[0 0 0 4] C(D7<7f>^liiSi{l 1^C#»T 
1 ^:2*#iT2^tt§h7>XT«!:Sl(OX'f7f 
50 EUgS 1 £A*ttiBE£^*J«C«ttSn, S2£OX-f 



3 

t<d 2 *#^t 2 izitmmmTD s ^tsmm^m^ 

KIT 3 t»2 OBi#*T 4*W6ft. 
J»T4tt*2(BfiJWimttl 2tC«3K$nT^S. X-fy 

cooo5] miox^f u/^ihibs in mi<o 
fgioo^w^v^c ia>MW«ttiHi»"e*j«$n, ^2 

S2 0^t-HD2, *5cfc^2(D^r/1v^C2<D 

[0006] k±©«jsk:*3^t, x^y^ytfmwm 
&*mf&?z>mi* &2<D®m®&i 1* 1211*1 
(ox-ivT'm&s i&&ifm2<Dx-t vT-m&s 2%, 
mx-t v^®&&mz*y-r2>mm*m/u-e&Miz*> 

/*7T*«BW«ff^. *1W y^IsIKcD^->»BW 
(i h 7 >x T © l *t»T 1 l:x^;^-^Sx, mi 

(DX-f y^lEl&S 1 <D^^^r B 1tcMN^>XT(Z)2^# 

U CltlS:»»5jg-rctlCcfcoT2^:#IST2^^X^ 

«1. m2<Z>Siffi![El?&l 1, 12(1 fnfnx^f7f 
>^$fQl> Q2(D$fJffll^(CS^^nfch^>> ? X 

R@8«:t^0, X<yf>y*fQl, Q2<£>* 

[0 0 0 7] B2H ±EX<yf>^UI8B©BfP 
f^lllc&^T, Ql> Q2(iX<7f> 
y«fQl, Q2<B*>/*:7*-f 5>^£*U Vd 
si, Idlll M vF>tfm?Q 1 cDp^mffi. 
*««U Vds2, Id2H X>f7f>^ifQ2 
OMs^fE, «^E^^To £fc, Vs. I sttSESSE*^ 
Ds«iE 2*tS«^^ltl^o 

[0 0 0 8] ±K<&*J*;T* ^l©X-f7f>mQ 
ljfi? — >*yrz>£.* S20X<7f>^fQ2(O 
Klft»T4l:«E*«»tl/T, *2®X-fy?>^* 

fQ2^->t>b, mfefkmttt-ei£#>*>n 

rzffil£<Dmffl-C&2<DfaW®1&l 2rt©h7>yX^$ 
^yt^^^C^^T, 8S20^7f>^fQ2 
£^->;t:7T£o 2MI©tS*fDs^ 



(3) ^2 0 0 2 -2 6 2 5 7 0 

4 

£tfSfl 2 (DX--f y^>^fm^ 
Q2<D5r — >*y<D5''1^>tfT% T&:b*>, S20X 

-f v^yym^Q 2 trntftrnTD s a*&ic#2»ii<hfco 

>^T% »l©Myf>^*fQl©Ill* 

?>^sfQi^->t>n, z.<D&ot±mmz& 

oL »10)^yf>y*TQl t»2<0X-fry^> 

/•tymmzn. *i©x<7f>^*fQi^*>© 

10 JHMTh^XTcOl^JIT 1 CMbnfcX^M 
S 1 (OX-f 7^>y*TQ 1 *<*70)«Bt 2* 
2 f>fltX*;^-<!:LTa3*t§. 
[0 0 0 9]flt> ^OJ:5l:iftSnfcX^yf> 

ymmmw\z&\,>T\z. mi&£zf J %2<D^ y*>tf 

$fQl, Q2^> 7s4 y7>#m : ?<OW&<nW1ti&& 
^t^oW^t^tiJEX^ y5 L >^ftff*fr 
^> C<h^ct 0, X-f>y^>^}I5*;, X-r^^>^1t-> ? 

[0 0 10] 

20 mm&m&is&^tiTzwkm] -ti2<z> 

1 OX-f ^^>^*^Q 1 0t>TOCh7>XTO) 1 

^«IS«»t<i:ft*. C(0«S«8fttt, X^7^fQ2 
1, *2(DX<7f>^ffQh Q2^h7>XTC 

30 &±?%mmm&*mm-cztii^mmzi:z<ter). * 
coifed m^m^zmm^&rT^t^omm^mv 

[0 0 1 1] #I¥1 0-3 0 8 4 9 0^(7) X 

<7f>^ii8itH «ft«RftfB2«)X>f 

40 mm&tffr $ ^ <h ^ 3 ^f*-&***o 

[0 0 12] -rttfe-fe, «»««^**^i:X>fy5 : > 

mnm\z£z>mm»9ztfminisT\s&\,K &rz, mmm 

[0 0 13] Z(D%W<D®m\^ (iftffifir. ftSJMW**: 
50 «ig<OSS3a*fb43<t^/hS!«fiftS:HSCt^*^. 



5 

[0 0 14] 

(1) 1 2 *ti^ ft 6 h 7 >X T 1 (D 

x-r v^®&txtimm£t)mmzmwi2ti* i?§2cdx 

< y ^IslKt^^/^y^C©E^JlHlK^ffi[IBSB 1 OX< 

«s«cse*si^d s &<stsmffi¥>m®i&tf&@it<ti* sate 

il©^7f!fiIISS:. Sl<OX>f s/^^SS^PQl, 
S1©^*-HD1. feW«l©+t/V>^Cl© 

E3S1, *2©^yf>y»fQL Q2^MX^7 

m\zm b ? >xo 2 **8^^x^m- £4fctt!-r5x 

tem 1 CDX< >y^>^^Q 1 <D*:7#ra£W5£<0P*HI 

[0 0 15] ft*&ff5Tte. 2*#**6X*;^-*< 

*fcl^2 0^7f>^SfQ2© 
9 — >it7W(^>>f* Tftfr^f^OX-f v^>9 

mTQ2&£zsmmmi L Ds&mzimmLte^tz?'( 
eet^^u mio©jfi{Eig§^^bTmiox 

COS 1 ©X>f y f 1 ©t7«H$, ££tC0T 

<0*->*>€:iIS-e\ X^^>^&»£<B;T2-ti: 
2 C7)X-< yf>j^*fQ 2 C <h<£>B^J[Ejg§ 

^Lfct^ Z.<Dtz*b. fl£»ffi<Z>X-r 7f>^$f^^ 

-j&iceiSEEox-r y*>if*?\*m 
[0016] (2) mex-y yy>^MWo*tt. fttrae 

S2^< y^>^^Q2 0=r>PSra«:mrf2 2^#«8 
[0 0 17] £<B5e9JTtt, m2(7)X<^5 1 >^^Q 

2 ©*>WfW* 2 ^x*;^-*»m-r*WfW 
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[0 0 18] (3) mE*7«BIB3eft*a»4. MESfSl 

cox-r y^tfrn^Q \o>mw&=?\z hyyzsxf&m 

[0 0 19] C<DmWT\Z, ItLXM. h^>XTC02 

m&ffitf&aztitzmz 2 xsw^xw-tfiiHi 
sn&»*>ffiE h ^ >i^x^^^ usttttScfc 3 tc»jw 
-r^o z.v>£o\zm&ctz>£. x-t y^-yt/m^mm 

20 [0 0 2 0] (4) fl9E*7SBra®fi^att> ffiTESBl 

(Dx-r 7f>^*fQ i ©sjwasmc b? 

7"JK««U ih7>yX^^2*#to^x^M- 
[0 0 2 1] ±E (3) «h7>yX^^l ©X-f y 

[0 0 2 2] (5) «9EX< y^^yftllllHlBtt, ME 

m i <7)x-r ^>^^q i ommffiTtz&mznrz b 

ntzn>?>vt^ >¥-y>x\3m^tezmfe&® 
JS^M> tfrE^i©x^y^>^^Q i©*>»m 

[0 0 2 3] mfe&m&lt* K»#jB©SJBE^SE*Ji^ 
oT^^3r^KJSi§R$tc: h ^ >v ? X^^r^>"T^ d i 
40 H<toTSia)X'f7f>^fQ 1 *«L^tC^->* 

^^T'€^)o cnic^D, /hSIIiJlfl:, IS^XhM 
(6) mrEX< ^^>^»J»lHlBtt, fflE*2 07-fy 

^Tsmb^>^7.9<Dmn^\z^m^ntzu>^> 

E*2©M 7f>y'ifQ 2 <Z)^>»#W$: »JWT* C 
50 <htC£9fg2<7)X-Y y ^lHlKJCit?iJ»«$nfc*-v/t v 
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[0 0 2 4] ±e<B«J*K*3l>T 5 t>, (5) 

(7) itnB*7«imffi«^att, «jui«fc*ir»Tfl» 

[0 0 2 5] ±15 (1) ©*7WIB3ffi**att, Sft^ 

m\zj&citamtemftifi'zim£te&. cntao, gift 

[0 0 2 6] (8) SflfS^lcOX-r^5 1 >^^Ql4D 
£ fftffim 2 0X^7f>^Q2 h 5 > 

[0 0 2 7] »1, Sf§2£>X-f yf>^«TQL Q2 

1, S2©+t/V>^C2«hlT«fflU 

1, S 2 H D 2 .I: ITftfflt 5 C t 

[0 0 2 8] (9) iHEh7>XT*«!Bl^»20 
X<7f>^fQl, Q2£^->:*>£-&£mi££ 
5S*$1i:S*l^<fc^2<Z)«[ft#j|8€r^rL, 30 

[0 0 2 9] h^>XT2JcB»#»^HWTga55« 

[0030] ( i o ) sags h y >xa* i "Ammt 2 
l§lK£*j*TS££&#«<i:T3. 40 

[0 0 3 1 ] h 7 >XT^ftSin>f >^ ^ ^ *fctt 

£«> 82®X< 7f>^fQ2©fl«^-> 

[0 0 3 2] (11) 99t2fiSE¥»IsIB&^*-KT 
IftKLfcC 50 
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[0 0 3 3] gSfc^K^JIC^Stt-f >tf-^>X^ 

mzhmfc&mz 2^mz^m^ 
nfcx^;u^-^, mffim^&mz-fiz. z.<D^m^ 

v^C 1 SfcttS2©+t/V>^C2 0)8i&fiSltS 
[0 0 3 4] 

x-r ^>yiiiigKfi0>ia»0T»s. 

[0 0 3 5] h7>XTUl*iiTl, 2*#|gT 
2, ^10|ga#^T3^cfc^m2(7)igift#^T4^11 
TLT^&o COh7>XT0 1*tHTl < i:Sia)X< 

\zmmzrt* ffS2ox<iy? i 0&s2<h*wv>*c<h 

[0 0 3 6] h^>XT(D2*#^T2tCti. Sffi^T 

[0037] mzmffi¥mm&<Dtti-tim\zmMt<ti2>& 

PClij:yt>Kl/^al/^ZD tCiftflJiCiglttStU 
> * > h U^a. U— * Z DcDS^PSmS^V r (DAfjm 
BE (tH^/mEEVo^^mUfcSH) ^-gtft5J:5 7 

^t-KPCl iCTfrfg^TS?* h h7>yX^PC 

m* mmo&o\zmi<Dfflm\B\&i n:««snt^ 

l)o JftffilfilBl 4tt, 2»btC. h7>yX^Tr4^7 
*h^*-KPC2 P C 3 (DMmm&*^ 

l^o h^>> ? X^T r 4©*J»« : f P 1 fC««fiffiffif 
U Jl©^W«#^A*-r*eii:^<fc 
otgh7>yX^Tr4^>T§o ^a-h^:*- 
KPC2K>K»^T*:7*hh7>^X^PC2ra:. t£ 

mo^oizmi <Dmm\Bi^ 1 1 tc$*ns*7»Bia®fi 

7^ h^<t- KPC 3 C^T57t h h7> 
yX^PC3fl «3£©<fc'5K«2<OSfJWlHllSl 2\Z& 

[0 0 3 8] iufemi^X-f y^®BSS lfcL mi OX 

JS»»Ttt»l®X-f yf>y*fQl*FET 

<7f>^ifQl^> FET Q 1 tit^)) o * 
Tz, fg2£>X-Y y^m&S 2te, !f§ 2 <£>X-f y^>^fm 
fQ2, g!2CDy<:*— HD2, ^J:^2^tA 9 y 

^ c 2 <&m^j»«61hikt«jS : ©^jfijgffitftt. 
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>^ifQ2^FET Q2t»«) . 
[0 0 3 9] h7>XT(DB»#8T3d:FET Ql 
<ha>raictex>r -/^>^StJS?lHlKtC^^n^^ 1 (AfrJffl) 

hiki i^$nii^o £<&»i<DSj»[ejg&i 1 

\ts h7>yX^Tr it, caSJWSlT- (^-x) tr 

>x>U"C 1 ^StltR2<OjSSim»TBf^cofifMiI5gL 
TFET Ql^->t>l, ^^C^^^^fi 
taR3, 7^hh7>yZ^PCH:i:0^S^^>t: 
-^>X<hn>^>1tC 2 <h^6&£P#^&®&T&£ 

-5Wpw*«ja-rst h^>>?x*T r itit*>L* em 
zzx\ 2^fiij#*iT2<Dffi*rmm^±#*r^ 

d: h7>vX^T r 1 >^t>tl)W^W> FET 

[0 0 4 0] HiffEh^>XT<7)m2<7)|gK#^T4 t F 
ET Q2<fc©|B{C»Stt$nrv^»2a>»J!BllH|g8l 2 
«X-f !y^>y»JWlHlKJc:^snT*50, SRRSta 
y^y+rC 3 &*>Sft*»§lsn»£. FET Q2C0frJ 
WB-flCttttSftT^* h7>^T r 2 CCOh 
7>vX^T r 2©WSfl:M$ntMS, ffitrCR 
6 tny^y^c Afr^U^fc&m&t.. b?>i?x 
r 2<3DfWWSB : FC«l**nT^*7* h h^>^X 
^PC3iTi«$nwS. Lf^oT, &Kj#*8T 
4<0«JE#S8£TS£:. StaR 5 «!:a>f>1tC 3<£>31 
5§l§Ig&£4fLT«EEa*F E T Q 2 <0»Jffl»?lCfflJjn<* 
*ITI£FET Q2^->t>L, 3 6 

S^R6<ha>5 :J >1tC4^^^:^B#^©:lHlg§Tf^ 
^!)WWl1-^th7>yX^T r 2 a** £ £ 
£tC£oT. iFET Q2^I(I^->t7t^o 

[0041] jkukdj;?^ x-r yrytfmmmft&m 

^2C0$tJ3lEl^l l*3cfctfl 2(C^^T> 
-^tt^ttFET Q lM^Q2^->t>^<^> 
^ £ ^ - > * 7 * -f S > ^ * 31 3§ 0 S§ £ £ [Hi & t f C 

5„ fc*3, FET QKOfflWaa^tAAftiHEiOM 
[0 0 4 2] C0X^f7f>^ilgf^, 

x-r y ^>yttwiaiK**dirs±E» 1 oMHisift i 

©fHWlilgSl 2lc:7* h h7>yX^PC3^i$n 
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[0 0 4 3] t7fflKSS0Sl5H FET QIO 

stjWM^fcM^jfcaasn^h^^vx^T r 3<t, c 

7-Rl 0 43d:^^^ h h7>yX^PC2ta>f> 
+TC 5<h?5^M$n6o 3>^>1*C 5tCte, FET 
Q l©3!-7»BKI^Il«f^»x.^n, cniCfcrK 2* 
flJTWX^^-ttfflSfc h7>yX^T r 3^^>U 
^tt£o h^>> ? X^T r 3tf*yL,mrtZ>Z.t.\Z& 
10 0. KB*»T3f:*S^»tl/TfeFET 

igffij#^T 3 ©«jbe^±es i <ommmi& 1 1 ^tt 
fet Qitommmttwmzn* sb<ttje»fi*i 

Rl^LTFET Ql G)lWW*^K:«ffi#fflttia 

n, iFET q i &?—y^y-?z>o z.cd^^iz, f 
et q i <D?—y*yf)mnz>z.ti{z<kQx^v3 L y 

yflSR^tTlt, X<*y^>^»^£<£^2-££- 
i^"e#^>o ft*3, 7* h h7>yX^PC 2tt, Ztl 
20 ^>"r-5CttC<fcoT, h7>yX^T r 3(DW)fc& 

mmztz. i^bt, ^miEi^i 4coh^>vx^ 

T r 4<0fflfl«B t P 1 ^^fs^AT^bfcStC^^ffl 
MJifilelftl 5\z£-dT. FET QlC0^->^>^ 

?p i\zftffimm>tAt)ir2>zhiz£Q. j-ymmmm 

IhISSI 5 00©jf^lCi:D, FET Q 1 <&^ — >:*>a*il 

££n, x-f y^>^Htt»**«Tansiitic3tes. 

[0 0 4 4] »2<0fMffl(Hl&l 2<Dh7>S?X^ 

T r 2tCKtt^tlTl^PC3tt, cn^>f5u<i: 
30 \Z&r>Th7yi?X?T r 2<D*ymr$%:^tbZ>o Ttz 
=b*>, FET Q2(7)^>P#rBl^^<t" Z>o FET Q 
2<D:*>P£PaW&<&££> *W*5^ca*5<Z>j8MBNr 

fc*3. FET Q2<£> 
*>HflHei:OaflEJH<"r*3^tt» 7thh7>yX^ 
PC 3K«tt£nTl>£ffi*iR 1 0 0)^$^l<«7 
* h h^>^X^PC 3<D-f >bT— ^>XJ3ctoTft«> 

[0 0 4 5] £<£>J;5tC, (IftWHf^filr^TIWII*^ P 
40 KC^gSfl^AA-r^i:. ^7flBM®filslBl 

fPU, Sfc, 7tbh7>yX^PC3^>tl)i:t 

Kcfco, x-r!y^>^ffl»[*i:«ai«a£^fi«u. en 
[0046] &\z. ±m<Dx^ yT-yymmmmvMHF 

[0 0 4 7] mWZ, ^mielgSl 4<Dh?yiS*?T r 
50 [0 0 4 8] IJS^fiASnSi:, mmt&iriR 1 {CJ: 
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AMEV i n^FET Q 1 (Dpm^^WtU^ 
*U ZtllZ£ OFET Ql^->t>n e FET 
Ql^->t>t6t, h7>7T©l*«»Tl 

cfcD, FET Q l7&*»attffi£&9 l*#iT 1KB 

3, y* b h7>yX^PC 1 IciORSS-f >e-y 

S0f^a>«fM^«ja"r*i:, h7>vX^Trl^> 
IT, FET Ql^->*7tS. FET Ql^ 
*->;*:7-r*£, h7>XT01Mltlt -f>^ 
*L£*WV>*C##«£SSi&£. ^fiBNCtt. FE 
T Q 2 \ZWMtZ&2 (D?^*- HD2 ^LT*t^ 

C^OM ii*CM^i:M1*l)o £/t, FET 
Q 1 CD^-^^KcfcD, 2**»T2*^li88* 
^PD s S*LTi«Z*;^-tf*ttJSn5. FET 
Q2^->t>lT^^>, fi{rLR6(!:3>f>1i-C4 

t b7>zSX?T r 2^>1-^C<h(CcfcO, iFET 

^FET Q2E.o»853R : ?D s^*fc:#Wiii:^:ofc 

FET Q 1 ^->^>T5o £<Z)£?fC, FETQ 
l^FET Q2***^*7i:^^WPflSr»5^SSS«C 

-ty/^yum^n. fet Qi^>©wth7 

>XT^)l*tiT 1 KS^SnfcX*;^-^ FE 

[0 0 4 9] h^>> ? 
X^T r 40$fJWS^P 1 i:^^^A^LTV^V^ 

fca&ic »i<o»jwihi»i \ <b*ywmm&Mt&i S\t 

WEiZir* £fz. &2 0fHffl5lttl 2 <»y* h h7>5? 

[0 0 5 0] ^IC, 6ft«Bf©HfSRWt*. 
[0 0 5 1 ] gfifflfKl&St* X-Y !y^>^f«ffltslft£ 
Mt^K S2(DfflMlK 12f^43^T, * 

0SSl2(D7th }>7>yX^PC3^>«l^ 

[0 0 5 2] *7ffll«H«IslKl 5TH FET Ql 

(D^ymf^zuy^y^c 5 ciS^f^bn, ££>® 

ffiW2#:#»T 2^60X*M-fttU^A^t) h 
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^>v*X^T r 3**>U*M\ cniC^O, igKi#£g 
T3lC«BE**56£LT ! bFET Q 1 <D^~>:*>£iI 

T3(D1IJ, ^fctejESrigSxR 1 ^LTSffi^FET 

q i offlnas^jcA^sn. cntCcto^FET q 

-So ^0)ck3l:LT, &fiffiP#K:£fr>THU FETQ1 

10 ftTU X-f7f>^a*^ft»Sn5. 

[0 0 5 3] £fc> »2<Dtt»®ttl 2fc^vrtt. 7 
* h h7>yZ^PC 3#:*>T&<l<h(CcJ;9, 
>1tC4©*tBB«:fii)5. CiniCcfcO, ^»#^T 
4»C«m^^UT^^ b^>>*X*T r 2^^>1-^> 
*B*£UTFET Q2(Dt>W 
$:M<-r^o FET Q2©t>Wi<^^<i:, * 

U «8B*«fcl#'5Watll5fe*«fi«Sns. *tz, FE 
T Q 1 (DZ—yirymzfe. ^t-HD2ifcUF 
20 ET Q2£iIoT+W1i/^C7^m£n£fc#, 3=- 
W^>*C£X-f yf®BS2IW7>y@BS«*L 
T, X< v^Q 1 <Z>WSa«jEJCtt«EE-y— 5?*«5B£Utt 

[0 0 5 4] 05, i6H «E*©X-f y^>^«ilS« 

«<h±E^j6^»ox-f y^yymmmm<Dmfcitmz 

ftotzVb<Dfcl&m : £:7FLlsT^Z>o 0 5 (A) te, 

ftfr*>, FET Q2©*>^fPfl€r-£^bfc«^©e 
ft«B*0>««H£^U 0 5 (B) tt. «E*G>X-f ^ 
30 >y««8«^«88««*fi»bfc«#, "Tftto-fe. F 
ET Q2(D^->B#raSrftffif^^-&TXfl:$^ 

(a) \$mmmwi<DX'( y^ytfmm&m&m&ffimo 

0 6 (B) tt)6ttfi«fBO»^B^tn^n^ 
[0 0 5 5] 05 (A) M^i6 (A) £Jfc«rr*Zl 

40 c©ais«t«^#5*aa**<«WHiT*3&«, 

a«*3*«/hSir». £fc, 0 5 (B) 43<£tf0 6 (A) £ 

iterr s c ch icj: o -c^gtimwefr* cfc -9 \z, m.^(D 

7»lM5gfilHlBl 5^J;oT. FET Q10*7fflH 
50 -f -/^>^®ig^®-C(DX-f y^^HKBTtt* 
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x-r y^y^mmmm^mmr^D t>^<^o, x-r y 

[0 0 5 6] 0 7 tt, ^^SB W®fi®» 1 5 CDftil©*^ 
Kl 50h7>yX^T r 3^FET Q 1 icMWcJg 

y^^T r 3**fet q i <omn^T\zmM\z^m^ 

tlTt^o CZX\ h7>yX^Tr3li ^^A°S/^ 

cbe^, Lg^mnmzftmznz&X'ty&wffi 10 
u (»o. 6v> \zmrz>L*>LT. 

zn\z<ky*ymmMmmm&mfetsnz>o a:*, "7* 

3§ras^p i \z&Mffimzm?m^&Atii'tcmiz*y 
m7 (a) , (b) otifn©fiBt»oTfe«fea 

t>. 1^0 (A) Tte, 7^hh7>yX^PC4^> 20 

©ttfitFET q i oy-h • v-xra©-r>tr-^ 

>X#/h£<fcD, eMWiK^:^^ 1^0 
(B) Tte, 7* h h^>S*X^PC4 0>JK«M*i&:<. 

[0 0 5 7] B8lt $6fCteO^Jg^J^^-r o 0 7 1:1 
St*fiWTtt» h7>yX^Tr3^pnpih7> 
v?X^*«6fflUfc^ 0 8 {ZTKTMmM-VlZ* npn^ 
h7>yX^$r«ffilWI>o Sft 
ffim\Z7* h h7>yX^PC4^7lT, +tA'v 
^Cbe^lx€ririfi«roc^«$n«)*T<DRFra, FE 30 
T Q 1 ©t7WIWM$n5, 

[0058] 1^9, 0 i o\$z zizmommm&^VT 

Cbe^h7>yX^T r 4 ©Lt^fifE (#?) 0. 6 
V) \zm~T2>£-C<Dmm. h7>^^Tr3W>$ 
JStt'TSCltK.fcD, FET Ql(7)t7W^I^ 

n^o +tA°y^c b ecomm^L^^mnmzm^^ 

h7>yX^Tr4»>bT, h7>yX^Tr 40 
3^7"TSCi:fCck0, FET Q 1 CD;? — 

te, B4i:*t7* h h7>yX^PC 2 £ 1*3 £ £ 5 K 

[0 0 5 91 H1L H12H h7>7T CO 1 #$J(Z) 
±SMii^^T0T^^), HI lfcL m2©x-r 
y^m&S 2£**rt>>&Ch<DW&m?&$:. X< 
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[0 0 6 0] ±fE01 1> 0 1 2C^tX-f7^>y , t 
[0 0 6 1 ] 

fiiHigs*ff»s^ d<o^7aaw®fiiHiBS«c«fco, mi 

<Z>X-f yf-ytfMTQ 1 >*>SriS£irrx-r *y 

\z. m2<Dx-<t y3 L >t?mTQ2<Djr>m?$*m<~Tz> 
£fi«$it\ z.ntz£K>mmmm\zftommm / k*{&M 

lO^ — >*7^JCX-f u/^IslKS 1, S2CDpj^ 
[0 0 6 2] Cl(D<t3fC, X-f y^>^»5fc*5J;tf«SS 

[01] £E*<z>x-r 7^>y'iigi©Mi 
[02] ^x^7^>^iigi©»Mii 

[0 3] «»««#*5P*0>&JB0 

[04] ^o^^o^ig^ox-f 7f>^MSf© 
[0 5] »©x< 7f >y , ii^gi^6ftiB©W 

it, (a) \±mmMm&KM\stsLi<*m&* (b) 

[0 6] (A) , (B) ^n-6n±E35ffi»J80>X 

[07] ^ymmmm\B\^com<Dmmmx\ (a> 
(b) ttf n7 ^ h h 7 ^ p c 4 ©ewi 

[0 8] *7WMffifi®BS©$6^ffia>liJfi« 

[09] *7mmm&®i6v>2*>iz4&<bnmm 

[010] ^V^Pp1Mfi0K<O^6(cfflO*SS« 
[Bll] X-fyfSKSh S2©i©i»J 
[0 1 2] X-f yfUlBS 1> S2<D2*>\zm<D&mm 

s i -mi ©x-f y^mvi 

S 2-m2<DX-f y^IslK 
1 l-%Zl(Dfflffl®& 
1 2-m2CO©Jffl)[eI^ 
1 4-«ffi®g5 
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